To maintain permissible parameters in a passive house must be installed mechanical ventilation system. To previous preheat outside air for ventilation system is advisable to use low potential energy of the Earth. Currently, the implementation using ground-air heat exchanger requires extensive parametric studies, development and implementation of engineering calculation methods, a comprehensive study of the possibilities of effective exploitation. Technical prerequisites of use ground-air heat exchanger of geothermal ventilation and the results of analytical studies determining the temperature of the soil at different depths during the year are shown in the article. The graphical dependences of soil temperature during cold season for different values of depths of the heat exchanger laying are obtained. According to the research the recommended depth of laying of ground-air heat exchangers for Lviv was determined.
Introduction
The concept of passive building emerged based on numerous scientific and technical research concerning energy-saving technologies and modern level requirements for the use of energy resources. Passive house is a building standard. It is example energy saving in building industry. _____________________________________ 1 The maintaining of permissible parameters of microclimate indoors using mechanical ventilation is one of the main requirements in the design of passive houses. Total primary energy consumption of passive house (primary energy for heating, ventilation, hot water and electricity) must not be more than 120 kWh/m² per year. The building must be designed to have an annual heating demand as calculated with the condition of not more than 15 kWh/m² per year in heating [2] . The fan which provides air movement in the ventilation system and air heater are consumers of energy in the ventilation system.
Air heaters are used to heat the outside air in the cold season before entering it into the rooms. As the heaters are used various types of heat exchangers, water, electrical, etc. They use thermal or electrical energy. For primary energy savings in the ventilation systems of passive houses is recommended to use recuperator. They allow heat supply air due to the heat extract air. Currently, there are ways to preheat outside air due to low potential energy of the soil.
Purpose of work
Defining preconditions and technical possibilities of using of low potential energy soil for the first heating outside air of ventilation system passive house in the cold season.
Analysis of existing studies
The soil surface layers of the Earth are a natural heat accumulator. The main source of heat that enters the soil is solar radiation. The soil temperature depends on seasonal changes of oscillation in ambient temperature too. The thermal conductivity that is caused by the difference of temperatures different soil layers, and heat capacity of the soil affect the heat transfer between the soil surface and it's deep layers. Thermal diffusivity of soil a characterizes the rate of change of temperature due to absorption or return of heat. It depends on ratio solid, liquid and gaseous components, textural and structural characteristics ratio of soil and its moisture. Thermal diffusivity, m 2 /s, determined by the formula:
where:  -coefficient of thermal conductivity of the soil, W/(mK),  -density of soil, kg/m 3 , C -specific heat of the soil, kJ/(kgK). The value of thermal conductivity, density and specific heat of certain types of soils is given in Table 1 [4, 5]. Daily temperature oscillations in the soil are distributed to a depth of to 1m, and seasonal variations -10 m. The soil at depths below 10 m is almost not exposed to seasonal temperature oscillations. Penetration of solar radiation to the deep layers of soil carried out with lateness. Thus, the daily extreme for each 10 cm depth is delayed by 2.5 -3.5 hours.
The application features geothermal ventilation of the passive house...
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The annual maximum and minimum are delaying 20 -30 days for every 1 m depth [3] . Thus, at a depth of 4 meters from the surface layers the temperature potential of soil in the cold season is much higher than the outside air, and the warm season -much lower. This temperature potential of the soil surface layers currently used to produce thermal energy for heating and ventilation systems. The transmission of heat from the soil to the coolant carried in ground-air heat exchangers. The pipe of heat exchanger made of a material that has a high coefficient of thermal conductivity for ensure highly effective heat transmission from soil to coolant. The special coating is applied on the internal surface of the pipeline to eliminate the possibility of the formation of bacteria.
1 -air intake unit, 2 -horizontal ground-air heat exchangers, 3 -recuperator, 4 -supply air, 5 -extract air, 6 -air air extract unit In ventilation systems low potential energy of soil is used for the first heating outside air in the cold season. Cold outside air is moved in soil heat exchangers and is heated through the wall of the heat exchanger whose temperature is equal to temperature of the soil. The second heating of outside air in ventilation systems in passive house occurs in heat recuperators. Therefore, the temperature at the exit of ground-air heat exchanger should be more than the freezing temperature of heat recuperator. For peak heating ventilation supply air should use of additional heating devices (heat pumps, electric heaters, etc.). Scheme of geothermal ventilation passive house is shown in Figure 1 .
Analytical studies
Options for placement of ground-air heat exchangers, soil temperature and depth of the placement of heat exchangers are the main technical prerequisites for using ground heat exchangers in the ventilation systems of passive houses.
According to [2] , currently there are two types of placement of ground-air heat exchangers (Figure 2 ): Domestic loop layout or Tichelmann pipe layout. [1] In the cold season due to low heat transfer soil to provide the desired temperature at the outlet of the heat exchanger should take into account important factors such as length, diameter and number of tubes of ground-air heat exchangers.
1 -air intake unit, 2 -ground-air heat exchanger, 3 -house. For buildings with little air exchange from 120 to 250 m 3 /h the Domestic loop layout of ground heat exchangers can maintain the desired temperature [1] . This primarily applies to buildings with volume up to 500 m 3 , since according to the passive house concept their multiplicity of air exchange is 0.5 1/h. This statement is based on the famous calculation dependence of air exchange on the multiplicity:
where: k -the multiplicity of air exchange, 1/h, V -volume of the room, m 3 .
If there is free plot of soil then should be used Tichelmann pipe layout. Such pipe layout is allowing to increase the temperature at the outlet of the heat exchanger and thus save primary energy for heating of supply air of ventilation system.
The soil temperature affects the thermal efficiency of soil heat exchanger. This is due to the process of heat exchange between soil and coolant. The temperature can be determined by the formula for the known characteristics of the soil and the depth of layout of ground-air heat exchanger [6]:
where: x -depth of soil, m; As shown in Figure 3 , the maximum soil temperature observed at a depth of 2.0 m for the month of October, and the minimum -at a depth of 1.5 m in March. The biggest change of temperature from the soil depth is in February and is in the range of 2 to 9 °C, and the lowest in November -from 8 to 11 °C. The amplitude of the temperature variations of soil with increasing depth varies from 10 °C at a depth of 1.5 m to 2.5 °C at a depth of 5.0 m. With further increase the depth of laying of the ground-air heat exchanger the soil temperature is not changes, and is 9-10 °C. However, increasing the depth of laying the heat exchanger leads to increase the capital costs of the ventilation system. That is why, depth laying the ground-air heat exchanger is determined from the feasibility calculation of geothermal ventilation.
Thus, with increasing depth laying of heat exchanger the stability work of geothermal ventilation system is provided, because daily oscillations outside air is not influencing by it. This allows efficient use of the heat of the Earth for the first heating of supply air geothermal ventilation in the cold season.
Conclusion
The analysis of the data revealed that in January the maximum soil temperature at a depth of 4.5 m, and in February and March -at a depth of 5.0 m. The difference between the values of soil temperature at depths of 4.0-5.0 m in February and March is insignificant. Thus, the technical conditions for the use of ground-air heat exchanger for Lviv was reviewed. The recommended depth of their laying was determined, it is equal to 3.5 m.
